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AILSTItACT 

O f  the unusual organic  minerals  nnt ive t o  vnrious p a r t s  of t h e  world, 

none are more c h a r a c t e r i s t i c  thnn t h e  vaxy ozoce r i t e s  t h a t  occur i n  c e r t a i n  

mountainous regions.  n-Alkanes longer thon tliose found i n  t y p i c a l  petroleum 

waxes hare been recognized ns t h e  major component. Deposita a r e  now l a r g e l y  

exhausted, bu t  n ine  samples were obtained f o r  exmina t ion  from t h e  F ie ld  

Museum and o t h e r  mineral  c o l l e c t i o n s .  

Separation by temperature-programmed gns chromatogrnphy shoved t h a t  two 

17 t o  21 cnrbons and 29 t o  pairs of groups of n-alkanes were most nbundnnt: 

33 carbons, i n  which homologs of odd carbon numbers predominated, and 42 t o  

50 and 58 t o  62 carbons,  i n  which even-numbered homologs predominated. 

G a l i c i s  ozoce r i t e s  belong almost exc lus ive ly  t o  the  second group, whereas 

Utnh ozoceri tes  n r e  l n r g e l y  mixtures of t h e  second and t h i r d .  

These favored groups mny r e l n t e  t o  those previously observed i n  n-nlkanes 

i s o l a t e d  from petroleum. 

nnd 23 t o  29, with '  odd carbons predominrkl.ing. 

three possible  sources  f o r  ococe r i t e .  

There t h e  mos' 'undant  chain lengths  a r e  11 t o  17 

The n-alkane pn t t e rns  suggest  

c 
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INTRODUCTION , 

Because of their usefulness and relative abundance, there are no more 
' 

commonplace minerals thnn con1 and petroleum. 

promise to become almost as familiar. 

less frequently now seem peculiar in comparison, especinlly because most 

deposits have become depleted or exhnusted. O f  these, none are stranger 

thnn earth w a x  or ozocerite. 

Oil shales nnd tnr sands 

A dozen other orgnnic minerals found 

Ozocerite and several similar waxy minerals occur in a hundred places 

nround the world, usually but not always in mountainous areas. 

is associated with other organic deposits. 

Galicia, along the southwestern flank of the Carpathimi Mountains, especially 

near Borislav. Scattered deposits are associated with the Caucnsus in Russia. 

the Wasatch in Utah, and lesser ranges elsewhere. Cumulative world production 

may hnve reached as much as a million tons, possibly one-tenth of it in the 

U.S.A. 

Ordinarily it 

Its densest occurance is in 

The biggest use vas in leather polishes. 

n-Alkanes longer than those typical of petroleum are clearly the character- 

istic components of ozocerite. The melting points range upvards from those of 

petroleum waxes, the densities and refractive indices are somewhat higher, and 

the solubilities in various solvents are much lover. 

at least, branched and cyclic saturntes are also present ( 1  ). 

In brislav ozocerite, 

The high losses 

incurred in refining ozocerite with sulfuric acid to produce ceresin6 suggest 

gross admixture with polar substances as well. 
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Jus t  enough is known nbout the  conl imi t ion  of ozocer i te  t o  pose a series 

of  i n t e r e s t i n g  ques t ions .  

thnn petroleum, s imultnneously v i t h  i t ,  or subsequently from i t ?  How can 

such s p e c i f i c  s t r u c t u r e s  a s  n-alknnes be nccounLed f o r :  by biosynl l ies is ,  

I n  what manner w n s  ozoccri t o  formed: d i f f e r e n t l y  

migrntion, a l t e r a t i o n ,  o r  some o t h e r  mrnns? Uo the ii-nlkanea i n  ozocer i te  

c o r r e l n t e  with t h e  presence of high-melting W I L X ~ ? ~  i n  some p a r a f f i n i c  crudes 

and t h o i r  absence i n  some nsphnl t ic  crudes? Study o f ,  t h e  chnin-length d i s -  

t r i b u t i o n  of t h e  n-nlknnes i n  oaocer i te  nnd comparison wi th  tlut i n  

petroleum ( 2 )  Ought t o  sugge3t nnswers t o  such quest ions.  

The n-alknne d i s t r i b u t i o n s  of nine S N I I ~ J ~ C S  o f  ozocer i te  were Accordingly 

obtnined by prourmed- temperntare   AS cIiromntoKrnphy. 

f requent ly  re f ined  before  marketing by melt ing i n  b o i l i n g  water ,  nnd w e  s a i d  

t o  be commonly d u l t e r n t e d  with cheaper waxes. 

t i o n s  wns cons tnnt ly  wntchnd fo r .  

Oaoceri tcs were 

Et idcnce f o r  such morlifica- 

EXIIWFEVTAL 

Although o z o c e r i t e  cnn no longer  be oblnined d i r e c t l y  from the  h i s t o r i c a l  

soiirces, pieces  e x i s t  i n  museum c o l l e c t i o u s .  

F ie ld  !fuseurn of Nntural  Itistory through t!ie cour tesy  of blr. 13. 0 .  Woodland 

made up  t h e  bulk of t h e  meterial f o r  t h e  present  s tudy.  

c a n t  was the  sample from t h e  I n d u s t r i a l  and Ayr icu l turn l  Museum n t  Wnrsaw, 

which c a r r i e d  t h e  d e s c r i p t i o n :  " h r t h  wax i n  unref ined state d i r e c t l y  a f t e r  

cxcavntion from t h e  mine. 

Indus t ry  n t  Ikryslnw." 

nre offered  i n  Table I. 

Seven snmples provided by t h e  

Espec in l ly  s i g n i f i -  

From t h e  Assoc:nLitm for  Farth Wnx nnd Hock Oil 

F u r t h e r  in formnt iw on these and two o t h e r  samples 

I 
/ 
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e 
Gns chromntograms were run on a dual Hewktt-Pnckard 5750 instrument 

A 

tempernture-programmed to 400' C at,a rate of 10' per minute. 

6-meter lengths of 3 mm tubing, packed with 3% OV-1 on chromosorb G-W. 

Detection was by hydrogen-flme ionization. 

dissolved in cnrbon bisulfide brfore running. 

Columns were 

The ozocerite samples were simply 

Typical chromntograms are shown in the two panels of Figure 1. Time from 

injection in minutes is given at the bottom and the positions of successive 

n-alkanes at the top. 

Ozocerite H-23 nt the top ranged from 16 to 59 carbons, and the Russia ozoc- 

erite at the bottom rnnged from 13 to 54 carbons. 

400" vas reached nenr 37 carbons with both samples; at this point, about one- 

third of the Hussia ozoccrite had, emerged, and about two-thirds of H-23. 

Inserts show hends nnd tails in greater detail. 

The hold temperature of 

Successive n-alkanes are clenrly the major constituents. Two adjacent 

doublets near the starts of the curves locnte n-heptndecane-pristane and 

n-octadecane-phytane, which serve ns unambiguous counters for the n-alkanes. 

In addition, n-docosane was occnsionally added to provide an internal standard 

at 22 cnrbons, and a heavy paraffinic petroleum was run daily as an external 

standnrd. 

Helative amounts of individual n-alkanes were determined by measuring 

areas under the successive peaks above the bnseline representing the back- 

ground of unidentified intermedinte components. Total nmounts of n-alkanes 

given in Table I are based on estimntes of the amounts of background, which 

increnses regularly with column temperature. Thc n-alknne content of H-23 in 

Figure 1, for example, is clearly much lnrger than that of the Hussia sample. 

For comparing ozocerite compositions, logarithmic plots of the amounts of the 

successire n-alkanes were made for ench. 

I 
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DISCUSS ION 

Such p l o t s  f o r  a l l  o z o c e r i t e s  are presented i n  t h e  t h r e e  panels  of 

Figure 2. As wns evident  i n  Figure 1, n1terriat.e ri-nlkanes o f t e n  predominate, 

e s p e c i a l l y  where t h e  amounts nre large nnd d i f f e r e n c e s  a r e  most d i s t i n c t .  

As ter i sks  i d e n t i f y  n-nlkanes t h a t  show c l e n r  predominance over  ad jacent  homo- 

logs i n  e i t h e r  t h e  o r i g i n a l  chromatogriuns or the  logari thmic p lo ts .  

I n  the  bottom panel, ciirves f o r  n11 three  ( ia l ic in  ozocer i tes  almost co- 

incide.  Homologs of 27 t o  31 carbons eac11 make up more than about lo$ of t h e  

n-nlkane mixture. The biggest d i f fe rences  occur  near  the ends: the  Standard 

O i l  srunple shows a small b u t  d i s t i n c t  second peak at 50 t o  52 carbons; t h e  

Yard's snmple shows a shoulder  near  50 ciwbons, ns well  ns s t n r t i n g  t h r e e  car-  

bons lower; nnd t h e  Wnrsnw Musetun smplo  is nnrrowest and t h e r e f o r e  tallest. 

The Ynrsnw composition might be dupl ica ted  by renlovillg the  last 1% of t h e  o t h e r  

a m p l e s ,  perhaps by c r y s t n l l i z n t i o n  from a so lvent ,  hu t  t h e r e  is no evidence of 

adul te ra t ion .  

Near the 27 t o  31 penk o f  G a l  i c i n  ono.:eri tea ,  odd-numbered n-alkanes pre- 

dominnte.' By 40 t o  44 rarbons,  however, a prrdominnnce of even carbons appears. 

The switch occurs  between 37 and 78 carbons.  suggest ing t h a t  t h e  n-alkanes 

der ive  from two overlapping sources. 

In the  middle panel of Figure 2 ,  curve: f o r  the t h r e e  Utah ozocer i tes  are 

d i s t i n c t l y  d i f f e r e n t .  

much l i k e  the Galicia ozocer i tes .  

33 t o  37 nnd n smnll one n t  ho, somewhnt l i k e  a t i i l l ic in  curve displaced 11 few 

cnrbons t o  t h e  r i g h t .  

a t  58 t o  62 match For t  Yorth, but the s t rong  peek a t  44 t o  4R matches Kyune. 

Thc Kyune s m p l e  penks nciir 29, and pln teaus  n t  42 t o  50, 

The Port Worth yiunple hns n l a r g e  peak a t  

The S o l d i e r  Sumnlit platec\u a t  33 t o  37 and a small  peak 



The n-alkane predominances help to sort out the Utah differences, The 

Port Worth peak nnd Soldier Sununit plateau at 33 to 37 have odd predominance, 

whereas the Kyune plntenu and Soldier Summit peak at 44 to 48 have even. The 

only anomnly is that the Fort Worth snmple retnins its odd predominance beyond 

the switch at 37 cnrbons. 

In the bottom panel of Pigurr 2, the three remnining ozocerites are again 

different. 

one at 29 to 3 3 ,  both with odd prcdominnnce. 

starting at 17, a peak with even predominance at 42 to 46, and whnt may be a 

shoulder with odd predominance between around 31 to 35. 

has a strong peak with odd predominnnce at 29 to 33 and a plateau with even 

predominance at 42 to 52. Only n-alkanes vith 38 or more carbons show even 

predominance, nnd only those with 37 or less show odd. 

The Pennsylvania snmple has a veah peak at 17 to 21 and a strong 

The Hussin sample ha9 a plateau 

Pinnlly, sample It-23 

Ozocerites thus hnve widely different pntternu of n-nlknne distribution, 

yet it is the similarities that nre mo?rt remarkahle. 

17 to 21 and 29 to 33-plus with odd predomirlance, and 42 to 50 and 58 to 62 

vith even predominance. 

Pour ranges are favored: 

Percrntages of the rnnges.represented in ench ozocerite are surmnarized 

in Tnble 2. 

range, whereas Utah and Kussia samples are largely mixtures of the 17-to-21 

and 42-to-50 ranges. 

Pennsylvania and (ialicin samples consist mainly of the 1740-21 
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CO~CLUSIOH 

These ranges appear  to  relate t o  those previously found i n  petroleum, t h e  

n-alknnes i n  s e v e r a l  of which show tvo fnvored ranges below 15 cnrbons ( 2 ) .  

Compositions of t h r e e  typical petroleums a r e  p lo t ted  logar i thmicnl ly  i n  

Figure 3 i n  t h e  same vay ns t h e  ozocer i tes .  The n-alknnes from Darius petro- 

leum simply diminish r q y l a r l y ,  with no c l e a r  prcciominnncc! of nny carbon num- 

bers .  Although a peak occurs  a t  7 cnrbons, it [irobnbly resu l ted  from separa- 

t i o n  of na tura l  gns dur ing  production nnd perhaps losses of  v o l a t i l e  components 

afterwards. n-Alkanes from John Creek petroleum peak a t  11 t o  17 carbons with 

a s t r o n g  odd-carbon predominsnre. 

7 t o  13 carbons, nnd a medium peak with odd predominance a t  23 t o  29. 

fo r  o r i e n t n t i o n  i n  Figure 3 are dnshed l i n e s  f o r  t h r e e  

Uinta &sin 11-alkanes show a pln teau  n t  

Also shovn 

o r o c e r i t e s ,  one from each of  t h e  pnnels of Pigure 2. 

i tes overlap those  from petroleum. Considering t h e  e n t i r e  rnnge, at least 

t h r e e  d i s t i n c t i o n s  cnn be mnde: (A )  n-alknnes of about 10 t o  2 0  cnrbons, i n t e r -  

mediate i n  abundance, and wi th  n s t rong  odd preference,  r e l a t a b l e  t o  natural  

fa t ty  ac ids  (2) ;  (B) n-all nnes of almost nny chain  lenRth, most abundant and 

v i t h o u t  odd o r  even prefe tence ,  for which no s a t i s f a c t o r y  explanat ion has  y e t  

been advanced; and (C)  n-:.lkanes of more than 40 cnrbons, low i n  abundance and 

with a d e f i n i t e  even preference ,  t h a t  mny be assoc ia ted  i n  some way with 

doublint: of t h e  odd preference  of shor te r  n-alkanes. 

The n-alkanes i n  ozocer- 

Answers t o  t h e  q u e s t i o n s  posed e a r l i e r  requi re  R knowledge t h a t  w e  do not  

have of t h e  i n t e r r e l a t i o n s  nmong these  three  d i s t i n c t i o n s ,  i f  indeed t h r e e  are 

a l l  t h e r e  are .  

and a subsequent t r a n s f o r m t i o n  (C) occur is hclpr'ul. Ozocerite vould then be 

formed from petroleum, i n  which n-alkanes a l ready  e x i s t ,  probably by a bio- 

chemical process t h a t  would preserve predominance. 

An assumption t h a t  tvo independvnt o r i g i n a l  syntheses  ( A  and 8 )  



253 

LITEIlATUKI.~ CITED 

(1) Knstner, Moos, Schultze Erd8l und Kohle 2 77 (1959) 
(2) Mnrtin, Winters, and Willituns Nature 199 110 (1963) 



254 

TABLE I 

DESCRIPTIONS 0 F OZOC E R I  TE S 
( o b t a i n e d  from F i e l d  Museum, excep t  a s  no ted )  

O r i g i n a l  Source 

Boryslaw, Ga lac i a  

G a l a c i a ,  A u s t r i a  

Barys l av ,  Poland 

Bedford,  Pa.  

Russ i a  

F o r t  wor th ,  Utah 

Kyune, Utah 

S o l d i e r  Summit, Utah 

11-23 (Utah?) 

D e s c r i p t i n n  

Sample No. 110 

-- 
Note a t t a c h e d  

N a t i v e  p a r a f f i n  

C a s t  c y l i n d e r  

-- 
N a t i v e  p a r a f f i n  

From mine 

Source  unknown 

O r i g i n a l  Donor 

Ward's N a t .  S c i .  Es t ab .  

Standard O i l  Coinpany 

Ind .  Ag. Muscum Warsaw 

Standard O i l  Company 

Worlds Columbian Expos. 

C o l l e c t e d  by W .  J. McKay 

C o l l e c t e d  by 11. M. Block 

* 
9r?: 

Approximate 
% n-alkanes 

85 

93 

82 

80 

95 

89 

95 

93 

* From U n i v e r s i t y  of  I l l i n o i s ;  donated by Reino K a l l i o .  
* From Colorado School of Mines; donated by A.  S o  Houghton. 
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TABLE I1 

COMPOSITIONS OF n-ALKANES IN OZOCERITES 

Nominal Carbon Range 

Predominance 

Bedford, Pa. 

Warsaw (Galicia)  

Ward's (Galicia)  

Standard O i l  (Galicia)  

Kyune (Utah) 

H-23 

Fort Worth (Utah) 

Russia 

Soldier Summit (Utah) 

17-23 - 
Odd 

16 

1 

3 

7 

29-33 - 
Odd 

a4 

97 

97 

96 

92 

70 

69 

13 

18 

46-50 

Even 

3 

3 

4 

7 

24 

29 

80 

80 

58-62 

Even 

3 

2 

2 
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FIOIJRE 1 

GAS CHROMATOGRAMS OF TYPICAL OZOCERITES 

H-23 

retention time, minutes 

carbon atoms 
0 

' I  T _ , * r  ,40,,,, v I RUSSIA 50 ~ 

T A G -  j 
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FIGURE 2 

n-ALXANES IN OZOCERITES 

I 
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FIOURE 3 

n-ALKANES IN PWTHOLElM 

OVERLAP THOSE IN OZOCFRITBS 


